This paper represents an effective design of a PV system with MPPT algorithm and phase change material. Application of MPPT algorithm and Phase change materials are two different techniques, but this paper intends to use these two techniques together in same PV system. Modelling of PV module, implementation of MPPT algorithm and selection of phase materials have been descried with best clarity. Finally a significant enhancement of PV power has been obtained using a SOLKAR 36 W PV module.
Introduction
At present efficient generation of green energy is becoming the prime challenge for the researcher of this field. Among the friendly and pollution less energy source solar energy is the pioneer the sun is a constant unique source of energy and it gives nearly 12.2 trillion watt-hours per square mile per hour to the earth. But only 10-20% of this huge incident energy of this sun is converted to electricity. It reveals the lacking of efficient energy conversion system for this reason research on this field is getting highest priority. Actually the efficiency of PV system depends on few parameters such as solar irradiation, operating temperature, shadow effect, dust, and speed of the wind etc. Most of the research on this field is related to efficient synchronization of these factors. Some techniques such as Rearrangement of cell array in PV module, mechanical tracking for capturing efficient solar radiation, maximum power point tracking, operating temperature reduction etc. have been adopted throughout the last few decades. However, despite of implementing the aforementioned technology the efficiency of PV system is not in satisfactory level, which has kept the continuation of research on this field [1] [2] [3] [4] [5] [6] [7] .
However among the aforementioned technique application of MPPT algorithm and Phase change materials is very popular Because they have shown significant improvement on PV system. And a number of work related to this two technique have already been published. But most of the work is the individual application of these two technique whether the application of PV system with MPPT algorithm or PV system with Phase change materials [8] [9] .
For this reason, this work is intended to the addressing of a new concept of designing a PV system with MPPT algorithm and Phase Change Material for efficient energy conversion .Basically, PCM and MPPT are two different technologies can be used in PV system and two different clusters of people are working on the two wings but this work is an approach to combine these two technique in same platform .This work intends to highlight two things simultaneously , one is to keep the temperature of PV panel controlled by using PCM plate and another is to extract the maximum power of the system using a maximum power point tracking algorithm.
The sequential work flow of this paper is as follows-Section. 2 the paper starts with an overview of the complete system in this section; Section .3 is the main section mathematical modelling of PV module , selection of phase change materials ,implementation of MPPT algorithm has been described clearly in this part, All the results are included in section.4 and Finally section. 5 and 6 are for necessary discussion and conclusion respectively.
Basic System Overview
The complete system can be described as follows PV module will absorb the solar energy and convert it to electrical energy , This energy will be supplied to the load through a converter which will be controlled by the MPPT algorithm and Finally as with the increment of time PV temperature will be increased which results the decrease of power output of the PV system ,So the rise of temperature will be controlled by the PCM plate which will enhance the PV output power. Figure. 1 shows the complete arrangement of the system.
Block Diagram of the complete PV-PCM system with MPPT algorithm 3 Complete PV-PCM Systems Architecture

Modelling of the PV Module
The PV module is a combination of solar cells which is basically a photoactive semiconductor P-N junction diode. The PV cell absorbs solar energy and converts it into electricity. Different configurations of PV cell can be used to illustrate the V-I curves such as single diode model, two diode model, Rs-Rp model etc. But among them due to degree of accuracy and simplicity single diode model has been used in a number of previous works. For this reason, the single diode configuration of PV module has been selected for this work. Figure. 2 represent the circuit configuration of a single diode PV cell [10] .
Necessary Equations associated with the PV module
The V-I curves of a PV module can be expressed using some nonlinear exponential mathematical equations .These equations are mostly related with diode characteristics. A comprehensive discussion of PV characteristics has been given in [11] [12] [13] For the PV output current , I pv ;
For the PV saturation current, I o ;
For the PV reverse saturation current ,I rs;
For the PV photo current, I ph ; 
Effect of Phase Change Materials on PV system
The performance of a PV panel in are defined by manufactures according to the "peak power", which identifies the maximum electric power supplied by the PV panel when it receives a insolation of 1kW/m2 and the cell temperature is maintained at 25 °C. Obtained power graph of fig.4 also shows that as the temperature of PV module increase the power output decrease However, Phase Change Materials (PCMs) are employed to reduce operative temperature of the PV system for increasing the conversion efficiency of the PV panel. Indeed the idea to couple the PCMs with the photovoltaic technology arises from features of these materials to absorb large amounts of heat (keeping almost constant the temperature) when the heat is not required. Indeed overheating causes a drop in efficiency of the photovoltaic cells. The absorbed heat should be then released to the surrounding air during the night when the panel does not produce electrical power [15] [16] [17] .
Selection of Phase Change materials
Selection of appropriate phase change materials is an important issue in designing a PV-PCM system. As the standard test conditions of PV module is 25 o C so the selected PCM should have the melting point near this. Besides, average weather condition of the region where the system will be implemented has an effect on the selection of the materials . Considering above all these issues for this work Paraffin wax (RT-35) has been chosen which has a melting temperature of 35 o C and this temperature is very suitable with typical PV temperature of Malaysia.
Geometry of PV-PCM system
For this application of PCM on PV module design of an appropriate PCM architecture is very important. This design architecture mainly depends on some parameters such as place where the PV panel will be mounted, weight of the PV-PCM system, frame of the of complete system. However different design have been adopted yet in different work such as But the difference of temper reduction with them is very low for this reason in this work simple flat plate PCM architecture has been used which has been mounted with a glass cover.
Selection of MPPT Algorithm
Many MPPT algorithms such as hill climbing, voltage feedback, current feedback, fuzzy logic, neural network, perturb & observation and incremental conductance have been discussed. Among them Fuzzy logic and ANN based algorithm show impressive improvement in efficiency but they need very fine tuning which is a difficult task. Hill climbing and Voltage feedback are quite easy to implement but these algorithms are not efficient in tracking the maximum power with sudden variation in environmental condition. The conventional (P&O) and incremental conductance is more popular because they show a better performance with environmental condition and implementation is also easy. But the tracking process of these two algorithms is very slow [12, 13] .
In view of the above issues, for this work conventional (P&O) algorithm has been modified with a direct control method. The developed algorithm controls the duty cycle directly and track the maximum power with a convenient speed. This algorithm shows very dynamic response with the sudden variation in environmental conditions. At the same time, the implementation of this algorithm is also possible with the available equipment at a lower cost
Operating Principle of Direct control (P&O) MPPT
The direct control (P&O) algorithm also works on the power graph like conventional (P&O).In direct couple (P&O) methods, the MPPT algorithm takes PV current and voltage as input and calculates the duty cycle as output. For tracking the maximum power ∆D is taken as a slight perturbation of the duty cycle. As long as the change of power ∆P remains a positive value (∆P>0) the duty cycle will be increased with ∆D which process will continue until the Maximum power point (MPP) of the power curve reached (where ∆P=0). After (MPP) the value of ∆P will become negative (∆P<0) and the duty cycle will be decreased with a value of ∆D. This cycle will be performed repeatedly according to the environmental condition. The value of ∆D will be included on the system, ∆D =0.01 has been chosen for this work. After calculating the value of the duty cycle D, it will be fed to the PWM block to generate control signal for the converter switch.
The flow chart of the developed algorithm is given in figure. 5 and according to the flow chart Simulink implementation of the PV module has been shown in shown in fig.6 . 
Discussion
Figure.7 shows the average solar radiation data on a typical sunny day at Malaysia and figure .8 represents the PV surface temperature at that temperature with PCM and without PCM, according to the temperature mapping of in figure .9 shows the step variation of PV temperature for simulation and figure.10 represents the power tracking of the PV module this variation . Table . 1 represents the power obtained from the system with PCM and without PCM.
Conclusion
The paper represents a simple but effective design of a PV system with MPPT algorithm and phase change materials. Results obtained from this system are very much complying with the theoretical prediction. Finally its represents a significant enhancement of PV power. In future this system can be used in commercial PV power production. This model can be used in large scale solar power generation with slight modification and technical optimization.
